Spinal subarachnoid hematoma (SSH) following diagnostic lumbar puncture is very rare. Generally, SSH is more likely to occur when the patient has coagulopathy or is undergoing anticoagulant therapy. Unlike the usual complications, such as headache, dizziness, and back pain at the needle puncture site, SSH may result in permanent neurologic deficits if not properly treated within a short period of time. An otherwise healthy 43-year-old female with no predisposing factors presented with fever and headache. Diagnostic lumbar puncture was performed under suspicion of acute meningitis. Lumbar magnetic resonance imaging was performed due to hypoesthesia below the level of T10 that rapidly progressed after the lumbar puncture. SSH was diagnosed, and high-dose steroid therapy was started. Her neurological symptoms rapidly deteriorated after 12 hours despite the steroids, necessitating emergent decompressive laminectomy and hematoma removal. The patient's condition improved after the surgery from a preoperative motor score of 1/5 in the right leg and 4/5 in the left leg to brace-free ambulation (motor grade 5/5) 3-month postoperative. The patient was discharged with no neurologic deficits. Critical complications such as SSH can be fatal. Therefore, a patient undergoing lumbar puncture must be carefully observed. A hematoma that convincingly compresses the spinal cord or cauda equina on imaging results requires early surgical decompression and hematoma removal.
INTRODUCTION
Patients may suffer from various complications after diagnostic lumbar puncture, including headache, dizziness, and pain at the needle puncture site 9, 13) . One of the most critical among these is spinal subarachnoid hematoma (SSH). SSH is generally iatrogenic, but it may develop due to trauma or comorbidities such as coagulopathy. Despite surgical decompression and active rehabilitation treatment, SSH may cause permanent neurologic deficits 10, 11, 14) . Here we report a patient who suffered iatrogenic SSH with delayed paraplegia, which developed following diagnostic lumbar puncture.
CASE REPORT

History and Presentation
A 43-year-old female patient visited the Emergency Department of our hospital due to upper respiratory tract infection and severe headache for about 2 weeks; she did not have any underlying disease. A diagnostic lumbar puncture was performed in the emergency room to rule out meningitis. After several minutes, the patient complained of mild weakness in her bilateral lower limbs and hypoesthesia below T10. Neurological examination showed normal motor function in the bilateral upper limbs with hypoesthesia and 4+/5 motor function in the bilateral lower limbs. Whole-spine magnetic resonance imaging (MRI) was performed immediately, which showed high intensity signal at T10-S1 in the T2-weighted sagittal and axial cut images, indicating an acute intradural hemorrhage (Fig. 1) . The patient's hematologic tests were normal, and she was not taking any medications, including anticoagulants. We initiated high-dose steroid therapy immediately after diagnosis. However, the patient's neurological status rapidly deteriorated after 12 hours to a 1/5 motor score in the right leg and 4/5 in the left leg. We performed another diagnostic lumbar MRI and found no apparent increases in hematoma volume or spinal cord signal changes compared with the previous image.
Surgical Procedure
Decompressive laminectomy (L3 partial laminectomy and L4-5 total laminectomy) and hematoma removal were performed immediately. There was no hematoma in the epidural space, but the dura mater below the L3, 4, and 5 laminectomy was tense and bulging and had a bluish color. Durotomy was conducted longitudinally, the spinal subdural hematoma (SSdH) was visually identified, and evacuation was performed, and the arachnoid membrane was intact. Hematoma was found in the subarachnoid space and removed. The spinal cord and cauda equina were intact (Fig. 2) . The surgery was completed after irrigation with normal saline. Postoperative cerebrospinal fluid (CSF) leakage was not observed.
Postoperative Course
There was no evidence of remaining hematoma on a T2-weighted sagittal image obtained immediately after surgery (Fig. 3) . The day after surgery the patient complained of a mild headache, and as such, brain computed tomography (CT) was performed; a subarachnoid hemorrhage in the posterior vertex sulci was observed (Fig. 4) . However, we opted for conservative treatment because she had no other neurological symptoms. Brain CT performed at two weeks revealed that the subarachnoid hemorrhage had completely resolved, and right after surgery, the patient's motor function improved to 2/5 in the right leg and 5/5 in the left leg. Two days postoperative, she began rehabilitation, and 3 months thereafter, her motor function was 5/5 in her lower limbs bilaterally, and her hypoesthesia had also resolved. The patient had no other neurologic deficits, and she was discharged.
DISCUSSION
SSH after lumbar puncture is very rare and is a critical compliPark JH and Kim JY www.e-kjs.org cation that can cause permanent neurologic deficits 1, 3, 9, 16, 18, 20) . Plotkin et al. 17) introduced the concept of SSH in 1966. Most SSH cases are iatrogenic or are caused by trauma or a coagulation defect. According to Domenicucci et al. 4) , 40.5% of the 69 SSH cases in their study were caused by coagulopathies, and the incidence of hematoma caused by lumber puncture was 44.9% and that due to traumatic injuries was 15.9%. As in this study, 16 out of 69 patients (23%) had simultaneous SSH and SSdH.
Hemorrhage may develop following lumbar puncture at the needling site or at a site slightly distal in addition to anywhere in the epidural, subdural, or subarachnoid spaces 7, 8) . SSH is a very rare lesion that is difficult to diagnose and frequently results in poor clinical outcomes compared with subdural or epidural hematomas 7) . A traumatic tap resulting in blood-stained CSF is most often due to puncture of the dorsal or ventral epidural venous plexuses and usually has no consequence. Masdeu et al. 13) suggested that SSH occurs when the radicular vessels are lacerated by traumatic lumbar puncture, and they confirmed this mechanism via autopsy. In SSH, as blood collects in the subarachnoid space, clots form, and as the clots press against the spinal cord and cauda equina, neurologic symptoms appear. In general, subarachnoid hemorrhage does not form blood clots because the blood is diluted with the flow of CSF 6) . For this reason, subarachnoid hemorrhage can be observed not only in the lesion but also at other levels on imaging. In the case in this report, we observed subarachnoid hemorrhage in the brain in addition in to the L4/5 lesion, where the lumbar puncture was conducted, and we also found a spinal intradural hemorrhage at T7. Damage to the blood vessel where the lumbar puncture was done resulted in a local hemorrhage that progressed to distant sites due to the CSF flow. If the hemorrhage from the damaged blood vessel is massive and the blood flow is fast, blood clots will form, and if the resulting hematoma causes compression of the spinal cord and cauda equina, neurologic symptoms will develop.
The most sensitive imaging available when the aforementioned symptoms appear is lumbar MRI 15) . Patients with SSH who have neurologic symptoms can be treated with surgical decompression and hematoma removal, and neurological recovery is related to the severity and speed of the preoperative deficit development and surgical decompression. Hematoma resolution and the neurologic impairment severity have the greatest impact on patient management and outcomes 20) . In patients with rapidly progressing neurologic symptoms, early surgical intervention and evacuation are indicated, whereas in some patients with minimal symptoms, conservative treatment may play a role 5) . Good results may be expected in patients with mild preoperative neurological deficits. Outcomes are usually poor in patients with SSH or severe preoperative deficits and in whom surgery has been delayed 4, 12) . Our patient had early neurological symptoms with only hypoesthesia; however, she developed paraplegia only 12 hours later. More interesting is that the lumbar MRI taken after 12 hours was no different from the previous study performed immediately after her hypoesthesia was noted. In our opinion, this delayed sudden paraplegia was due primarily to mechanical damage and cord compression associated with the mass effect of the hematoma. As a result, we thought that edema and ischemic damage to the spinal cord had caused the neurological deficits 2) . However, this mechanism alone does not fully explain the delayed presentation of our patient's neurological symptoms. We believe that molecular pathophysiology including blood cytotoxicity, hypermetabolism, excitotoxicity, oxidative stress, and inflammation induced by spinal hemorrhage resulted in delayed damage to her spinal cord cells 19) . CONCLUSION SSH is a rare complication of diagnostic lumbar puncture that may lead to disability if not properly treated in patients with neurologic deficits. Patients who complain of acute back pain or who demonstrate neurologic symptoms following lumbar puncture or similar spinal procedure should undergo MRI. If the diagnosis is confirmed to be SSH, surgical decompression of the spinal cord and cauda equina and hematoma evacuation must be done immediately to ensure neurologic recovery.
